2052

HDL-C {30)] were in agreement for LDL-C and HDL-C
values (r >0.97), as described previously {27).

As presented in Tables 1 and 2, significantly higher
LDL-C and lower HDL-C concentrations (P <0.05) were
observed in the patient group, and these significant dif-
ferences were more clearly differentiated by computed
values of TC/HDL-C or LDL-C/HDL-C (P <0.01).
Non-HDL-C has been recently recognized as one of the
calculated risk markers for CAD (3, 4) but was less
significant (P <0.05) in this study (Table 2.).

In the subclass analysis by HPLC (Fig. 1), small
VLDL-C, small LDL-C, very small LDL-C, and large
HDL-C were found to be significantly different between
the 2 groups. Increased small VLDL-C in the CAD group
might represent an increase in remnant lipoproteins,
although neither intermediate-density lipoprotein-C nor
RLP-C was measured in this study. Qur previous study
showed that RLP fractions isolated by an immunoaffinity
separation were very heterogeneous {31), but the particle
size of RLP from Type III hyperlipidemia corresponded
mainly to smail VLDL (peak 7). In another previous
study, all VLDL subclasses were positively correlated
with visceral fat area, and small VLDL remained consid-
erable after adjustment for serum TG concentration (27).
In conjunction with these previous studies, the increase of
small VLDL-C in CAD patients aiso supports the concept
that smalier, partially catabolized triglyceride-rich li-
poprotein {VLDL remnants} and/or a part of intermedi-
ate-density lipoprotein are atherogenic.

Although HDL subclasses are also heterogeneous and
their atherogenic properties differ between subclasses
{32), many investigators suggest that measuring HDL
subclasses may provide additional information about risk
for the development of CAD. In this study, AUC for large
HDL was larger than total HDL-C (results not shown),
indicating the potential usefulness of HDL subclass anal-
ysis.

Increased small LDL-C and very small LDL-C in the
CAD patients were consistent with atherogenic profiles of
increasing remnant lipoproteins as well as small, dense
LDL reported by Cohn et al. (33, 34), but their ability to
differentiate between the CAD patients and the controls
was not as strong when compared with small VLDL-C,
judged by AUC (resuits not shown).

To more clearly differentiate between the 2 groups,
several derived variables were calculated from each sub-
class, as shown in Table 2. AUC for all derived HPLC
variables except for Ls (small LDL + very small LDL) was
larger than that for traditional risk marker, and Vs + Ls —
Hs produced the largest AUC. These ebservations indi-
cate that the new parameter, Vs + Ls — Hs, might be
usetul for total interpretation of both proatherogenic and
antiatherogenic lipoproteins and provide additional clin-
ical information to evaluate the risk status for CAD.

In conclusion, component analysis after HPLC provided
the cholesterol concentrations of major lipoproteing and

Okazaki ¢t al.: Lipoprotein Subclass and Coronary Artery Disease

their subclasses within 16 min with a2 small volume of
ptasma or serum (<10 wL). Our results support the
general concept of the usefulness of lipoprotein subclass
analysis for diagnostic testing. Larger clinical trials are
needed to establish the diagnostic significance of our
proposed parameter, Vs + Ls — Hs, for identifying the
patients at increased risk for CAD.

We gratefully acknowledge Kyowa Medex, Japan for
providing enzyme reagents for the cholesterol measure-
ment by HPLC. We greatly thank Skylight Biotech Inc.
(Akita, Japan) for technical assistances in this study.

References

1. Kannel WB, Castelli WP, Gordon T, McNamara PM. Serum choles-
terol, lipoproteins and risk of coronary heart diseases. The
Framingham siudy. Ann Intem Med 1971;74:1-12.

2. Wilson PW, Abbott RD, CasteHli WP. High density lipoprotein
cholesterol and montality. The Framingham Heart Study. Arterio-
sclerosis 1988;8:737-41.

3. Grundy SM. Low-density lipoprotein, non-high-density tipoprotein,
and apolipoprotein B as targets of lipid-lowering therapy. Circula-
tion 2002;106:2526-9.

4. Frost PH, Havel RJ. Raticnale for use of non-high-density lipopro-
tein cholesterol rather than low-density lipoprotein cholesterol as
a tool for lipoprotein cholesterol screening and assessment of risk
and therapy. Am J Cardiol 1998;81:26B-318.

5. Zilversmit DB. Athercgenic nature of triglycerides, postprandial
lipidemia, and triglyceride-rich remnant lipoproteins. Clin Chem
1995;41:153~-8.

6. Austin MA, King MC, Vranizan KM, Krauss RM. Atherogenic
lipoprotein phenctype: a proposed genetic marker for coronary
neart disease risk. Circulation 1990;82:485-508.

7. Campos H, Genest ) Jr, Blijlevens E. McNamara JR, Jenner JL,
Ordovas JM, et al. Low density lipoprotein particle size and
corgonary artery disease. Arierioscler Thromb 1992;12:1,87-95,

8. Lamarche B, Tchernof A, Moorjani S, Cantin B, Dagenais GR,
Lupien PJ, et al. Small, dense low-density lipoprotein particles as
a predictor of the risk of ischemic hearn disease in men. Circula-
tion 1997;95:69-75.

8. StPierre AC, Cantin B, Dagenais GR. Mauriege P, Bemard PM,
Despres JP, et al. Low-density lipoproteins subfractions and the
long-term risk of ischemic heart disease in men; 13year follow-up
data from the Quebec Cardiovascular Study. Arterioscler Thromb
Vasc Biol 2005,25:553-9.

10. Krauss RM, Lindgren FT, Ray RM. Interreiationship among sub-
groups of serum lipoproteins in normal human subjects. Clin Chim
Acta 1980;104:275-90C.

11. Havel R), Eder HA, Bragdon J. The distribution and chemical
cemposition of ultracentrifugally separated lipoproteins in human
serumn.  Clin Invest 1955;34:1.345-53,

12. Patsch JR, Patsch W. Zonal ultracentrifugation. Method Enzymol
1986:129:3-26.

13. Shen MM, Krauss RM, Lindgren FT, Forte TM. Heterogeneity of
serum low density lipoproteins in normal human subjects. J Lipici
Res 1981;22:235-44.

14, Hoefner DM, Hodel SD, C'Brien JF, Branum EL. Sun [}, Meissner
I, et al. Development of a rapid. quantitative method for LDL
subfractionation with use of the Quantimetrix Lipoprint LDL Sys-
tem. Chn Chem 2001;47:266~74.

18, Otvos JD, Jeyarajah £J, Bernett DW. Krauss RM. Development of
a proton nuclear magnetic resonance spectroscopic method for

.__97_.



18.

17,

isg,

19,

20.

21.

22,

23.

24,

25,

Clinical Chemistry 52, No. 11, 2006

determining plasma lipoprotein ¢encentrations and subspecies
distributions from a single, rapid measurement. Clin Chem 1992,
38:1632-8.

Kuller L, Arnoid A, Tracy R, Otvos J, Burke G, Psaty 8, et al. Nuclear
magnetic resonance spectroscopy of lipoproteins and risk of CHD
in the Cardiovascular Health Study. Arterioscler Thromb Vasc Biol
2002;22:1175~80.

Freedman DS, Otvos JD, Jeyargjah EJ, Shalaurova |, Cupples LA,
Parise H, et al. Sex and age differences in lipoprotein subciasses
measured by nuciear magnetic resonance spectroscopy: The
Framingham Study. Clin Chern 2004:50:1189-200.

Hirano T, [to Y, Saegusa H, Yoshino G. A novel and simple method
for quantification of smail, dense LDL. J Lipid Res 2003;44:
2193-201.

Miyauchi K, Kayahara N, Mori H, Sugiuchi H, Irie T. Development
of hamogeneous assay for measuring remnant-like particle cho.
lesterol i serum [abstract]. Clin Chem 2005;51:A129.
Nalkajima K, Saito T, Tamura A, Suzuki M, Nakano T, Adachi M, el
al. Cholesterol in remnantlike lipoproteins in human serum using
menoeclonal anti apolipeprotein B-100 and anti apolipoprotein Al
immunoaffinity mixed gels. Clin Chim Acta 1993;223:53-.71.
Ishida BY, Frofich J, Fielding CJ. Prebeta-migrating high density
lipoprotein: quantiiation in normal and hyperlipidemic plasma by
solid phase radioimmunoassay following electrophoretic transfer.
J Lipid Res 1987;28:778-86.

Aszlalos BF, Lefevre M, Foster TA, Tuliey R, Windhauser M. Wong
L, et al. Arterioscler Thromb Vasc Biol 1897,17:1885-93.

Hara 1, Okazaki M. High-performance liquid chromatography of
serum lipoproteins. Methods Enzymot 1986;129:57-78.
Okazaki M, Usui S, Hosaki S. Analysis of plasma lipoproteins by
gei permeation chromatography. in; Rifai N, Warnick GR, Dominic-
zak MH, eds. Handbook of Lipoprotein Testing. Washington DC:
AACC Press, 2000:647-69.

Usui S, Hara Y, Hosaki S, Okazaki M. A new on-line dual enzymatic
methed for simultaneous quantification of cholesterol and triglyc-
erides in lipoproteins by HPLC. J Lipid Res 2002;43:805-14.

286.

27.

28.

29,

30.

31.

32,

33.

34,

___98.._

Kazama H. Usui S, Okazaki M, Hosei T, Ito H, Orimo H. Effects of
bezafibrate and pravastatin on remnant-like lipoprotein particles
and lipoprotein subclasses in type 2 diabetes. Diabeles Res Clin
Pract 2003;59:181-9,

Okazaki M, Usui 5, Ishigami M, Sakai N, Nakamura T, Malsuzawa
Y, Yamashita S. ldentification of unique lipoprotein subclasses for
visceral obesity by component analysis of cholesterol profile in
high-performance liquid chromatography, Anerioscler Thromb
Vasc Biol 2005,25:578-84.

Usui S, Nakamura M, Jitsukata K, Nara M, Hosaki S, Okazaki M.
Assessment of between-instrument variations in a HPLC methad
for serum iipoproteins and its traceability to reference methods
for total cholesterol and HDL-cholesterol. Clin Chem 2000;46:63-
72.

Friedewald WT, Lewy RI, Fredrickson DS, Estimation of the concen-
tration of low-gensity lpoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972;18:4%9-
502,

Okazaki M, Sasamoto K, Muramatsu T, Hosaki S. Evaluation of
precipitation and direct methods for HDL-cholesterol assay by
HPLC. Clin Chem 1997;43;1885-90.

Qkazaki M, Usui S, Tada N, Nakano T, Nakajima K. The relation
between RLP-triglyceride to RLP-cholesterol ratio in RLP-choles:
terol profiles by HPLC. Clin Chim Acta 2000;286:135-49,

Siverman DI, Ginsburg GS, Pasternak RC. High-density lipoprotein
subfractions. Am J Med 1993;94:636-45.

Cohn IS, Marcoux C, Davignen J. Detection, quantification, and
characterization of potentially atherogenic triglyceride-rich rem-
nant lipoproteins. Arterioscler Thromb Vasc Biot 1999:19:2474—
86.

Twickier TB, Dallinga-Thie GM, Cohn JS, Chapman MJ. Elevated
remnantlike particle cholesterol concentration: a characteristic

feature of the atherogenic [ipoprotein phenotype. Circulation
2004:109:1918-25.



CLNICAL INVESTIGATIONS

Assessment of Genetic Effects of Polymorphisms
in the MCP-1 Gene on Serum MCP-1 Levels
and Myocardial Infarction in Japanese

Naoharu Iwai, MD®##%; Kazuaki Kajimoto, PhD*; Yoshibiro Kokubo, MD*;

Yoichi Goto, MD*#*; Hitonobu Tomoike, MD?

Background Recently, the Framingham Heart Study reported that genetic variations in CCLZ influence serum
levels of monocyte chemoatiractant protein-1 (MCP-1) and the incidence of myocardial infarction (MI). The
purpose of the present study was to investigate the possible involvement of CCLZ in the pathogenesis of athero-
sclerosis and MI in Japanese.

Methods and Results Multiple regression analysis indicated that the MCP-1 levels were significantly influ-
enced by various factors including age, body mass index, smoking, alcchol imtake, high density lipoprotein-cho-
testerol, and systolic blood pressure. Moreover, the serum MCP-1 level was significantly correlated with intima—
media thickness (p<0.0001). However. this association disappeared when other clinical confounding factors
were included in the analyses. Comprehensive anatysis of common polymorphisms of CCL2 in a large commu-
nity-based population and in subjects with MI found that the A(-2138)T polymorphism affected the serum
MCP-1 level in a subgroup of subjects 65 years and older. However, no significant differences in the frequencies
of any of the polymorphisms or haplotypes were found between subjects with and without MI. None of the poly-
morphisms in CCL2 affected carotid atherosclerosis.

Conclusions The serum MCP-1 level was a good surrogate marker of atherosclerosis in the present study
population. Although genetic variations in CCL2 may have some influence on MCP-1 production, their influence
does not seem to contribute appreciably to atherosclerosis in Japanese. The present resulis did not support the
recently published findings from the Framingham Heart Study. The discrepancy between the 2 studies may be
related to differences in confounding factors that contribute to MCP-1 levels and in the haplotype structure of the
2 populations.  {Cire J 2006; 70: 805-809)

Key Words: Atherosclerosis; Epidemiology; Monocyte chemoattractant protein-1; Myocardial infarction;

Cire J 2006; 7G: 805-809

Polymorphisms

7 onocyte chemoattractant protein-1 (MCP-1; gene
name CCL2) has been suggested to play an im-

V Zl portant role in the initiation of atherosclerosis
by recruiting monocytes to sites of injured endothelium.
MCP-1 promotes monocyte differentiation to lipid-laden
macrophages. and also contributes to the proliferation of
arterial smooth muscle cells!-*

In varfous murine models of atherosclerosis, deletion of
CCL2 has resulted in large reductions in atherosclerotic
plaque size? but conversely, overexpression of MCP-1 in
the leukocytes of susceptible mice resulted in increased
plague sized

Several human epidemiclogical studies have also sug-
gested links between MCP-1 levels and atheroscierotic
disease? W Higher MCP-1 levels have been associated with
increased risks of myocardial infarction {M). sudden death,
coronary angioplasty. and stent restenosis. Very recently.
the Framingham Heurt Study reported that CCL2 polymor-
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Table 1 Characteristics of the Study Population

Suita M p vaiue
n 2266 342
M%) 46.0 87.1 <000
Age 63.2(11.0) 57.979.9) <O.0001
B 22.8(3.1) 23.9(2.9) <0.0001
HTN (%) 8.7 334 <0.0001
DM (%) 94 4.4 <0.0001
G 107 (71} 125 169)* 0.6G007
c 200(33) 197 (37)F <.G60G]
HL-C 6 {16) 43 413)F <1.006]
Swieking 16.3 arl <0.006GT
MCP-1 243 {U58)F* -
log (MCP-1) $.23(042) -
IMT .79 f0]3)8Es -
Mt RENEALS RENE IS0

Vitdues are expresaed ax meain {8130,
=205 Fen=2 N0, =205,
ML nvocandial wdarciion: Mo male sidjeciny BAL body nass inde
th/ne 1 TN, fvpertensive suljects: DM, diaberes metlineg: TG, wiglyeer-
sedes (ngfdlie TC, reaad cholestersl (mgdl): HBL-CO il densive lipopro-
seisr ches-lestered Dl Smokivg, covrent smokers: MCPT sernon MOP-1
feved (ugddy og (MOCE 1L Jogarilione ramsformation op MO level:
AT, intima medra thicknesy tmm).
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Table 2 Probes and Primers in TagMan

Probe

Primer

Polvarewrphisiug

wC FAM

Forward Reverse

Gi-23811A
A=-2138)T

acagerGleaciie
ciclerctameTetagtecat

agacagridicacne

At-18111G uaatggccActecalay aatgpeeGereeaty
Cr-972)G cittageigiClgececat nagcigiGlgecceatt
G(-9281C eagcaGgeanctayt cedapeacgCaacty
C(732001)G atgagctcirCietict tgagercttGictict

cletetetaateA ghiagiyeal

HIceaeiCdCneIceuc s
creguageaipactegaltat
CRUQUCUGERCICRULIIG
poolcclaacioaiani gucttageo
e oUUpaIREIgagRaragayy
tgagplataggeaguageacrgy

gacHgeccingcatataicagy
retaggecatcteaccicatet
celgggaciagactiguipicion
cletgiceteageareticeaa
geaaucgigracaagicoicrad
aageasaaggeagieayLe

Table 3 Summary of CCL2 Polymorphisms

Polymorphism Sequence Region Mi-AF
G(-2581}A GACAGCTIG/AJTCACTTT Promoter 2.332
G(-2411}C CAAAGCT[G/C] GGAAGTT Promuter 0.082
A(=2138)T CACTAACIT/AJGATTAGA Promuorer 0049
A(=I1811)T AATGGCCIA/TICTCCATA Promoter 082
C-972)G¢ TAGCTGTIC/GITGCCCAT Promoter 0.005
G{-928)C CCAAGCA|G/CJGCAACTA Promoier .049
C(-362)G CGCTTCAIC/GIAGAAAGC Promoter 0.332
C{7320112}G GCTCTITIC/GITCTTCTC futrond 0.086
T(7320249)C CCTGCTGIT/CJTATAACT Exon2 Cys~>Cys 0.044
C{7320891)T AGACACCIC/TITGTTTTA Exun3 I-UTR 0.332

Mi-AF (minor ailele frequency) was calenlated based on the sequencing data of 93 subjects.

phisms are associated with serum MCP-1 levels and MI!
In genetic association studies, validation in other study
populations is very important to confirm that the observed
effects are not statistical errors, so the purpose of the
present stody was to assess the genetic effects of CCL2
polymorphisms on serum MCP-1 levels and atherosclerosis
in Japanese subjects.

Methods

Study Population

The selection criteria and design of the Suita study have
been described previouslyi?-* The genotypes were deter-
mined in 2,266 subjects {including 34 M1 subjects) recruited
from the Suita study between September 2003 and March
2005. Serum MCP-1 levels were measured in 2,180 sub-
jects. The M1 group consisted of 342 randomly selected in-
patients and outpatients with documented M1 who were
enrolied in the Division of Cardiclogy at the National Car-
diovascuiar Center between May 2001 and April 200315.16
All the subjects enrolled in the present study gave written
informed consent. The present study was approved by the
Ethics Committee of the MNational Cardiovascukar Center and
by the Commitiee on Genetic Analysis and Gene Therapy
of the National Cardiovascuiar Center. The characteristics
of the study population are shown in Table 1. Subjects with
systolic blood pressure (SBP) 2140 mimHg, diastolic blood
pressure 290 mmHg. and/or who were taking antihyperten-
sive medication were categorized as having hypertension.
Subject with fasting blood glucose 2126 mg/dl, hemoglobin
Alc 26.3%. and/or who were being treated for diabetes
mellitus was categorized as having the disease,

Fasting serum samples were collected and stored at —80°C.
MCP-1 levels were measured in duplicate with a com-
mercially available ELISA kit (R&D Systems, Minneapolis.
MN, USA) uccording to the manulactwrer’s instructions.
The inter- and intra-assay variabilities were 6.3% and
6.2%. respectively. Becuuse the distribution of serum
MCP-1 levels was skewed, the values were logarithmically

transtormed in the statistical analysis.

The details of the method used for the carotid ultrasonic
examination have been reported previously!* We used a
high-resolution B-mode vltrasonic machine with 7.5-MHz
transducers, which gave an axial resolution of 0.2 mrm. The
regions between 30mm proximal from the beginning of the
dilation of the bifurcation bulb and 15mm distal from the
flow divider of both common carotid arteries (CCAs) were
scanned. All measurements were made at the time of scan-
ning with the instrument’s electronic caliper and were re-
corded as photocopies. The intima-media thickness (IMT)
was measured on a longitudinal scan of the CCA at a point
10mm proximal from the beginning of the dilation of the
bulb.

DNA Study

The promoter (up to —2.8kb) and exons 1, 2. and 3 (in-
cleding 3'UTR) regions were sequenced in 93 subjects,
which included the top 12 subjects with high serum MCP-1
levels and the bottom [2 subjects with low serum MCP-{
levels. The sequence primers will be provided on request.
The genotypes were determined by the TagMzn method
{Table2). The success rate of genotyping was greater than
96%.

Statistical Analysis

Values are expressed as mean xstandard deviation (SD),
All statistical analyses were performed with the JMP stutis-
tical package (SAS Institute Inc. Cary. NC, USA). Multiple
regression analysis was performed to obtain predictors of
the serum MCP-[ level and to assess the conuibution of
polymarphisms of CCL2 to the serum MCP-1 level, Multi-
ple logistic analysis was performed ro obtain predictors for
MI. Residuals of the serum MCP-1 level and [IMT were cal-
culated by adjusting for appropriate confounding fuctors.
R-syuare values between polymorphisms and haplotype
frequencies in the control and MI groups were anulyzed
using the SNPAlyze Pro statistical package (version 3.2,
Dynacom Inc). A statistical power calculation was per-

Clirenlurivnr fonnal ol 780, uly 2006
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Table 4 Linkage Diseguilibrium Among the Polymorphisms of CCL2
Gi-258134 Af-2138)T Ar-1&11)T C(-972)G Gi-¥28;C Cr732412)G
G(-2381)4
A{=2138)T 0.12356
Af-I8INT 0.16035 G.00565
Cr-9721G 0.02467 02.00086 0.00034
Gi-928)C 0.12411 (LY7084 0.00382 0.06084
C(7320112)G 0.13605 (.0G546 L0716 O0.00108 0.00562
Linkape diseguitibrium (LD} ameng the polvmarphisms of CCL2 was colewlated from the Taghan date of the Swita subjecis. R-square
values benwoen polymuorphisms are shown, Tight LD was observed between the A(-25813T and G{(-928)C polvmorphisms.
Table 5 Predictors of Serum MCP-I Level Table 6 Predictors of Intima-Media Thickness
Predictor -ratie prelie Predictor t-ratio p valie
Age 7.9 <0.0001 fog (MCP-1) 013 0.7191
BM/ =321 0.0044 Age 353.82 <(.0004
SBpP 242 0.0155 ShP 20.67 <(.000]
Aleoho! 2.7 0.0067 Sex 3321 <0001
Snioking 3.36 0.0008 BAT 3245 <(.0001
HDL-C -2.59 0.0096

Predictors of serun MCP-1 levels were identified by nueltiple regression
analysiy (n=2.180). Alcohol, ethano! conswmption per day (gitay): Smok-
ing, nrnber of cigarettes per day X years,

SBP. systalic blood pressure. See Table 1 for wther abbreviations.

n=2.034, F=]28.197, p<t.0001.

The scrvm MCP-1 levels were ossessed in 2034 of the 2,035 subjects
assexsed by carotid sonograply.

See Tubles 1.5 for abbreviations.

Table 7 Influence of the Polymorphisms of CCL2 on Serum MCP-1 Level
Ad Ao aa 7 vahie
Gi-25813A 0.002 (0.399) 0.004 (0.418) ~0.0201{0.387) 0.692
n 936 961 270
A(=2138)T —0.006 (0402) 0.049 (0.436) ~0.054 (0.211) 0.122 (0.052)
" 1,909 253 7
A-1810T 0.006 (0.407) -0.031 (0.406) -0.07910.292) .268(0.117)
n 1.839 313 13
C(~972)G —0.001 (0.406) 0.045 (0.404) - 0.409
n 2,411 54
G-928)C -0.006 (0.403) 0.048 (0.430) ~0.054 (0.211) 0.123(0.052)
" 1.896 262 7
C{7320012)5 0.004 (0.401) -0.013(0.023} -0.163{0.108) 0.259(0.349)
1,840 3ii 14
A-2138)T ~0.042 (0.351) 0.081 10.462) 0,051 (0,153) 0.0126 (0.0041)
Age 263 yeurs LO4}1 154 4
G(-928)C -0.0120.351) 0.081 (0.500) -0.051(0.153) .01 24 (0.6040)
Age 263 years 1.035 156 4

Rexicaly of tog (MCP-1) were calculated by adjusting for Age, BMI SBE. afcohol, smoking, and HDL-C. Vulues are expressed as
mean (SD). p values calealuted by grouping AA/Aa + aa are shown in parentheses. The effects of the A(-2138)T and G(-928)C
polvmorphisms on the MCP-1 level were more significant in sihjeets aged 65 vears and older.

Sce Tubles 1.3 for abbreviations.

formed with the statistical package SamplePower (version
2.0, SPSS. Chicago. IL, USA).

Results

Sequence Analvsis of CCL2

Sequence analyses in 93 subjects revealed the existence
of 10 polymorphisms (Table3) of CCL2. The GI-2581)A
was in almost complete linkage disequilibrium (LLD) with
the C{=362)G and C({7320891)T polymorphisms. The
A(-1811HG polymorphism was in almoest complete LD
with the G(-24{1)C polymorphism. Thus. the genotypes
of the C(-362)G, C(7320891)T. and G241 1)C polymaor-
phisms were nol determined  the present study. Because
the polymorphism in exon 2 [T(7320249)C| was synony-
mous (Cys—>Cys). this potymorphism was also net deter-
mined in the present study. The genotypes of the remaining

Cimntlation fraaal - 30l 7, fuly 20006

6 polymorphisms were determined by the TagMan method
in a total of 2,570 subjects. The LD values calculated from
R-square values among these SNPs are shown in Table 4.

Clinical Correlares of Serum MCP-1 Level

Multiple regression unalysis indicated that the MCP-]
level was significantly influenced by various factors (p<
G.0000, R-syuare=0.0154) inctuding age (p<(.000 ). body
mass index (BMI; p=01.0014), smoking (p=0.0008). alcohot
intake (p=0.0067). high-density lipoprotein cholesterol
{p=0.0096). and SBP (p=0.01155) (Tuble 3).

Many studies have reported that the serum MCP-1 fevel
is a9 excelient indicator of atherosclerasis and in our study
popuiation the serum MCP-1 level significantly correlated
with IMT (p<0.0001. R-square=0.009). However. this asso-
ciation disappeared when other clinical confounding factors
were included in the multiple regression analyses (Fable 6).
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Table 8 CCL2 Polymorphisms and Incidence of M1

WAL N etal.

Mit-) MI
p valie
AA Ad et Ad A eld]
G{-2381)A (%) 946 966 274 144 176 39 0.2857
(43.35) (44.13) (12.52) {40.93) (48.53) (i0.71)
A(-2138)T (%) 1.931 250 7 218 45 ! 0.8686
(88.25) (1143} (0.32) (87.36) (12,36} (0.27) {0.6289]
A(-I81)T (%} 1,861 314 i4 304 36 5 0.3337
(85.02) {14.34} (0.64) (83.29) (15.34) (1.37} 10.3999¢
C(~972)G (%) 2.130 5d 357 7 0.5548
(97.53) (247} (98.08) (1.92}
G(-928)C (%) 1.918 259 7 29 45 ! 0.9578
(87.82) {11.86} 0.32) {87.40) (72.33) (0.27) 10.8200f
C(73201 12)G (%) 1,835 215 Id 302 67 2 0.5229
{84.94) {14.42} (0.64) {R2.74) {16.71) (0.35) [0.2880]

Genotvpe frequencies between subjects with and without M1 gre shown. p values calculuted by grouping AA/Aa + ua ure shown in

square parentheses.
See Tuble | for abbreviation,

Table 9 Influence of CCL2 Polymorphisms on IMT

A4 Aa aa pvalue
G(-2581)A -0.003 (0.104) 0.001 (Q.105} 0.005(0.115) 0421
n 865 908 255
A(=2138)T 0.000 (0.106) ~0.00i1 (0.103) 0.063 (0.118) 0.319
n 1,784 237 4 0.958}
A-1811}T 0.000 (0.103) 0.003(0.112) -0.049 (0.068) 0.227
n 1717 294 12 (0.752)
C-972)G 8.600 (0.106) 0.000 (0.113) - 0.964
] 1,970 33
G(-928)C 0.000 (0.106) ~.003 (0.103) 0.065 (0.118) 0.294
n 1771 246 & 10.802)
C{7320012)G -0.001 (0.106) 0.005 (0.101) 0.039 (0.159) 0.275
{0.2753}

Residualy of IMT were calcalated by adjusting for sex, age, BMI, and SBP. Values are expressed ay mean (SD). p values calenlated

Iy prouping AA/Ad + au are shown in paraitheses.
See Tables 1.5 for abbreviations.

Table 10 Haplotype Analysis of the 2 Study Populiations

Sutita Framinghum G(=2580)A  A2I38)T  A=I81NHG G-928)C C7320012G M=) Mi Framingham
Haplui Hi G A A G C 63,2 65.0 270
Heplo? Hi+H5 A A A G C 13.2 0.9 26.9
Haplo3 H6 A A G G C 78 9.0 4.2
Haplod - A A A G G 7.5 8.7 -
Hetplos - A T A C C 6.7 6.5 -

- H2 A T A G G <00i <001 203

- H3 A A A c a <O <0.0/ 18.6

Huplotvpe frequencies in the MI («1 gnd M groups were calewlated. Raplotvpe freguencies reported in the Framingham stedy are also shown for reference.

See Tuble | for abbreviation,

Thus, the serumm MCP-1 level was only a surrogate marker
of atherosclerosis in the present study population.

Influence of Polymorphising on Serum MCP-1 Level

Next, we examined the influence of polymorphisms of
CCL2 on residuals of the MCP-1 Jevel after adjusting for
the above-mentioned confounding factors (Adj-MCPI)
(Table 7). Two polymorphisms. A(-2138)T and G{-928)C.
tended to affect Adj-MCP!. The A(-2138)T and G{-928)C
polymorphisms were in tight LD (R-square =0.97084) in
this <wdy population {Tahled). Tnierestingly. the influence
of these polymorphising on Ad)-MCP1 seemed to be exag-
geruted in subjects 65 years and older whose MCP-1 {evels
were significantly higher thun those of younger subjects.

Association Study Berween CCL2 Polvimorphisms and M1

No significant difference was found in the frequencies of
any of the polymorphisms between the cases and controls
(Table 8. Muitiple logistic anulyses including age and BMI
indicated that none of the polymorphisms contributed to
ML Moreover, none of them affected IMT after adjusting
for sex. age, SBP, und BMI (Table9).

Huaplotype Analvsis

We constructed haplotypes based on the G(-258DA.
AZI38T. A-181I DT, G(-9281C. and C7320112G puly-
morphisms and identified 3 common haplotypes that
accounted for 99.7% of all haplotypes. The C{—972)G poly-
morphism was aot included because of its low frequency.
No significant difference was observed in haplotype fre-
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quencies between subjects with and without M1 (Table 8).

The haplotype frequencies reported in the Framingham
study!! were significantly different from those in the pres-
ent study population (Table 10). Although H2 and H3,
which accounted for 20.3% and 18.6%, respectively, in the
Framingham study, were very rare in this study population,
Haplo4 and 5. which were rare in the Framingham study.
Were conmmon.

Discussion

This report describes a comprehensive analysis of the
common polymorphisms of CCLZ in both a large commu-
nity-based population and subjects with M1, No significant
differences in the frequencies of any of the polymorphisms
were found between cases and controls. Moreover, none of
the polymorphisms of CCL2 affected carotid atherosclero-
sis as assessed by IMT. However, the A(-2136)T and
G(-928)C polymorphisms tended to affect the serum MCP-
1 level. Akhough genetic variations in CCL2Z may have
some influence on MCP-1 production, their does not seem
to contribute appreciably to atherosclerosis in Japanese sub-
jects. Thus, our findings do not support the recently pub-
lished result from the Framingham Heart Study!! that
genetic variations it CCL2 significantly influence serum
MCP-1 levels and the incidence of M.

There may be several reasons for this discrepancy. The
MCP-1 levels in the Framingham Heart Study were approx-
imately 1.4-fold higher than those in the present study
population. Genetic variation might well have an influence
under a stimulated state, MCP-1 levels are influenced by
various factors. as described in Table5. It is conceivable
that subjects in the Framingham Heart Study may have had
higher MCP-1 levels because of stimulation by atherogenic
factors that may be more prevalent in Cauncasians. Indeed,
the influence of genetic variations was more evident in the
present study population when the analysis was limited to
older subjects who had higher MCP-1 levels (Tabie7).

In the Framingham Heart Study, the haplotype H2 was
reported 10 contribute to higher MCP-1 levels, and the
frequency of this haplotype was 20.3%!! It is defined by
the (<2138)T and (77320112)G genotypes, and although
the A(-2138)T and G{7320112)C polymorphisms were
observed in the present study population, the H2 haplotype
was not (p<0.01%). This difference in the haplotype struc-
ture between Caucasians and Japanese might also contrib-
ute to the discrepancy between the 2 studies.

The reported positive association between the A(-258[)T
polymorphism and MI in the Framingham Heart Study was
based on 1.797 study subjects, including just 107 MI sub-
jects!! which was insufficient statistical power (p<0.50) to
conclude that there was a positive association between the
genotype and ML Moreover, although the H2 haplotype was
veported 1o be associated with the serum MCP-1 Jevel, the
H1 haplotype but not the H2 haplotype. was reported o be
associsted with ML This inconsistency might also indicate
that the Framingham study had insufficient statistical power.

Although the serum MCP-1 level is an excellent indicator
of atherasclerosis?-# MCP-t itsell appeurs o make only a
slight cantribution ta atherosclerosis {Table 6. Thus, it is
unlikely that genetic polymorphisms that may only wightly
influence the serum MCP-1 level will contribute significant-
ly 1o the vccurrence of MI and atherosclerosis, Our presem
lindings suggest that. although genetic variations in CCL2
may have some influence on MCP-1 production. their influ-

Chrndation Jomunad - Pol 760, Julp 2006
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ence on the incidence of MI is not appreciable in Japanese.
The present study also indicates the importance of clarily-
ing the haplotype structure for comparing genetic associa-
tion studies involving different ethnic backgrounds.
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Original Article

Genetic Variations of HSD11B2 in Hypertensive
Patients and in the General Population, Six Rare
Missense/Frameshift Mutations

Kei KAMIDE", Yoshihiro KOKUBO?®, Hironori HANADAY, Junko NAGURA?Y, Jin YANG",
Shin TAKIUCHI", Chihiro TANAKA®Y, Mariko BANNGY, Yoshikazu MIWA",
Masayoshi YOSHII", Tetsutaro MATAYOSHIY, Hisayo YASUDAD", Takeshi HORIO",
Akira OKAYAMA?, Hitonobu TOMOIKE"?, Yuhei KAWANO?, and Toshiyuki MIYATA®

Mutations in the gene enceding 11 8-hydroxysteroid dehydrogenase type 2, HSD11B2, cause a rare mono-
genic juvenile hypertensive syndrome called apparent mineralocorticoid excess (AME). in AME, defective
HSD11B2 enzyme activity results in overstimulation of the mineralocorticoid receptor (MR) by cortisol, caus-
ing sodium retention, hypokalemia, and salt-dependent hypertension. Here, we have studied whether
genetic variations in HDS7182 are implicated in essential hypertension in Japanese hypertensives and the
general population. By sequencing the entire coding region and the promoter region of HDS11B2 in 953 Jap-
anese hypertensives, we identified five missense mutations in 11 patients (L14F, n=5; R74H, n=1; R147H,
n=3; T156l, n=1; R335H, n=1} and one novel frameshift mutation (4884Gdel, n=1) in a heterozygous state,
in addition to 19 genetic variations. All genetic variations identified were rare, with minor allele frequencies
less than 6.005. Four of 12 patients with the missense/frameshift mutations showed renal fajlure. Four mis-
sense mutations, L14F, R74H, R147H, and R335H, were successiully genotyped in the general population,
with a sample size of 3,655 individuals {2,175 normotensives and 1,480 hypertensives). Mutations L14F,
R74H, R147H, and R335H were identified in hypertensives {n=6, 8, 3, and 0, respectively} and normetensives
{n=8, 12, 5, and 0, respectively) with a similar frequency, suggesting that these missense mutations may
not strongly affect the etiology of essential hypertension. Since the allele frequency of all of the genetic vari-
ations identified in this study was rare, an association study was not conducted. Taken together, our results
indicate that missense mutations in HSD7182 do not substantially contribute to essential hypertension in
Japanese, (Hyperiens Res 2006; 29: 243-252)

Key Words: HSD11B2, missense mutation, genetic variation, essential hypertension, salt-sensitivity

the endogenous cortisol and cortisone in humans, Two dis-
tinct forms, HSD1IB1 and HSD1 B2, of HSD1 1B have been

Introduction . . .
characterized and cloned (/-3). HSDIIBI is cxpressed in
In mineralocorticoid target orgass. the 11B-hydroxysteroid most tissues. In contrast, HSD11B2 has been identified in a
dehydrogenase {(HSD1IB) catalyzes the interconversion of limited range of tissucs, sueh as the distad wbules of the kid-
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rey (2, 4. 5} In mineralocorticoid-responsive cells,
HSD11B2 converts cortisol to cortisone, which is not a ligand
for the mineralocorticoid receptor, permitting aldosterone 1o
occupy the receptor.

Apparent mineralocorticoid excess syndrome (AME) is an
autosomal recessive disorder that results in severe low-renin
hypertension and other characteristic clinical features (6~8).
Typical patients present with severe hypertension, hypokale-
mia, and undetectable aldosterone. Most patients also have
low birth weight, polyuria and polydipsia, failure to thrive,
and nephrocalcinosis. The syndrome has been associated with
sudden fatality. The HSDI1B2 deficiency has been demon-
strated in patients with AME and explains the pathogenesis of
the disease, which results from excess cortisol binding to the
mineralocorticoid receptor due to a failure to convert cortisol
to cortisone (9-//). Over the last two dccades, various
genetic mutations in the HSD7 /B2 gene have been reported
({2~17). In Japanese patients with AME, two missense muta-
tions (S18CF, R208H) and a delztion of 3 nucleotides result-
ing in R337H and delta Y338 have been identified (14, /8).

In 1998, a miid form of this disease characterized by P227L
mutation in the 5D/ 182 gene was reported (/9). In contrast
to the patients with AME, this patient had low-renin hyperten-
sion and hypoaldosteronism but no other phenotypic features
that would lead to the diagnosis of AME. Aflerwards, it was
reported that the defective allele frequency in a cohort of
Mennonites was 1.7% (20). The genetic mutation in the
HSD118B2 gene, which resuits in a mild HSD11B2 deficiency,
may represent an important cause of low-renin hypertension,
the diagnostic basis of which is mostly unknown. Together,
these findings suggest that, because 40% of patients with
essential hypertension have low renin, these patients may
have a mild form of AME,

Inthe HSD11B2 gene, the 535G > A polymorphism (synon-
ymaus mutation at E178) in exon 3, which can be distin-
guished by A/u | cleavage and the polymorphic microsatellite
marker (2/), have been reported. The minor allele frequency
of the 553G> A polymorphisin was 0.086 in a healthy Cauca-
sian population and 0.180 in a group of renal transplant
patients (#=61), indicating association of this polymerphism
with end-stage renal discase. This polymorphism was not
associated with essential hypertension (22). As for the micro-
satellite marker, a total of 12 alleles were detected. The uri-
nary ratio of cortisel to cortispne metabolites was higher in
subjects homozygous for the A7 microsatellite allele than in
the corresponding control subjects. Thus. the association of a
polymorphic microsatellite marker of the HSD/!/B2 gene
with reduced HSD B2 activity suggests that variants of the
HSD{IB2 gene contribute to cnhanced blood pressure
response to salt in humans (23). The study demonstrated that
a salt-induced blood pressure increase is associated with
impatred HSD11B2 activity, as mecasured by the urinary
excretion ratio of cortised to cortisone metabolites in young
Cageasian salt-sensitive men.

The present study was undertaken 1) to identity the gencte

Table 1. General Characteristics of Patients with Hyperten-
sion

Numbcer 953
Age (ycars) 65.1£10.5
Gender (M/F) 522443
Body mass index (kg/m”) 24.2+33
SBP (mmHg) 145.5£19.2
DBP (mmHg) B4.8+134
Essential hypertension 880
Sccondary hypertension 73
Renal hypertension 36
Renovascular hypertension 23
Primary aldosteronism it
Hypothyroid-induced hypertension 2
Renal impairment/failurc* 110
Ischemic heart discasc 102
Stroke 145

Values arc cxpressed as mean2SD. *Scrum creatinine = 1.4 mg/
di. M, male; F, female; SBP, systolic blood pressurc; DBP, dias-
wlic blood pressure.

variants in the HSD/182 gene in Japanese hypertensives, 2)
to address whether individuals with heterozygous missense/
frameshift mutations show hypertension or renal impairment,
and 3) to explain the genetic contribution to a mild form of
hypertension including low-renin hypertension and hypoal-
dosteronism. We sequenced the promoter and exon regions of
HSD!1B2 in Japanese hypertensives and genotyped the rare
missense/frameshift mutations in the general population. We
assessed the role of these genetic variations in hypertension
and clarified their contribution to hypertension in Japanese.

Methods

Hypertensive Patients

A total of 953 hypertensive patients (522 men and 431
woman; average age: 65.0%10.5 years) were recruited from
the Division of Hypertension and Nephrology at the National
Cardiovascular Center as reported previously (24-27).
Briefly, 92% of study subjects (880 subjects) were diagnosed
with essential hypertension, and the rest had secondary hyper-
tension (Table 1). Hypeniension was defined as systolic blood
pressure (SBP) of 2140 mmHgy, andfor diastolic blood pres-
sure (DBP) ot =90 mmHy. or current use of antihypertensive
muedication, Hypertipidemia was defined by total cholesterol
2220 mg/dt or current use of antihyperlipidemia medication.
Diabetes mellitus was defined by fasting plasma glucose
2126 mg/dl or HbAlc Z6.5% or current usc of anti-diabetic
medication. Study subjects had routine laboratory tesis
including electrolytes. renal function. bloed glucose. HbA l¢.
plasma renin activity and plasima aldosterone concentration,
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D223N R279C
Y226N N286A1NDt
P2R7L Y209A%nt
E178 Y232A9nt G305A11nt
L179R Y2320 AB2BY
5180F ARBYV V332+9nt
R186C D244 R337C
gggg% ¥246+1nt R337H,AY338
1280P ES56AINt
Ryag “ll246T0 paisc 1250R R359W
P75AINL ARR1V 12518 R374X
V254 L376P
1393C>T
CA
rapast
B—— 1 5 A
Exon
1 [ a8 16d 221 222 287 268 i 405
L14p Rl47H G2l8Alnt R335H
R74H 71561  (4884GdeD

E] NAD-binding region 82-111
B Catalytic site 232-236

Fig. 1. Swmmary of the reporied genetic polymorphisms in HSD11B2. All polyorphisims in the upper section were reporied
previously, and the six polymorphisms in the lower section were identified in present stiely.

Sequencing of the HSDT1182 Gene

We.sequenced all exons and the promoter region of H5DJ 152
in 953 Japanese hypertensive patients. Blood samples were
obtained from hypertensive patients and genomic DNA was
isolated from peripheral blood leukocytes. All exons with
their flanking sequences and about 1.6 kb of the upstream
region were directly sequenced with an AB] PRISM 3700
DNA analyzer (Applicd Biosystems, Foster City, USA) using
seven sets of primers, as described previously (28). Informa-
tion on the primers and polymerase chain reaction (PCR) con-
ditions is available on request. The obtained sequences were
examined for the presence of variations using Sequencher
softwarc (Gene Codes Corporation. Ann Arbor, USA), fol-
lowed by visual inspection. The A of the ATG of the initiator
Met codon is denoted as nucleotide +1. The nucleotide
sequence {GenBank Accession [D: NT_010498) was used as
a reference sequence.

General Population {the Suita Study)

The sample selection and study design of the Suita Study
have been described previously (29, 30V Briefly. the subjects
visited the Nationa) Cardiovascular Center every 2 years for
gencral health checkups. In addition to performing a vouting
blood examination that included lipid profiles. glucose levels,
blood pressure, anthropometric measurements, a physician or

nurse administered questionnaires covering personal history
of cardiovascular diseases, including angina pectoris, myo-
cardial infarction, andfor stroke. Blood pressure was mea-
sured after at least 10 min of rest in 2 sitting position. SBP and
DBP were mcans of two mcasuremients performed by well-
trained doctors using a mercury sphygmomancmeter (with a
3-min interval). The subjects were classified as current drink-
ers if they drank at least 30 in] ethanol per day, nondrinkers if
they had never drunk, and past drinkers if they previously had
drunk above 30 mli cthanol per day.

Genotyping of Genetic Variations in the General
Population

Genotyping was attempted for six rarc missense/frameshift
mutations using the TagMan-PCR methed (37). The
sequences of PCR primers and probes for the TagMan-PCR
method are available on request. Genotyping for two of the
six  rare  mutations—4382C>T (encoded TI361) and
4884Gdel (a frameshift mutation)—tailed. Thus, four genetic
variations were suceessfully genotyped in 3,653 participants
(1.709 men und 1,946 women) of the large cohort known as
the Suita Study. All of the participants for genetic analysis in
the present study gave their written informed consent. All
clinical data and sequencing and genotyping results were
anonymous. The study protocol was approved by the Ethical
Review Committee of the Natienal Cardiovascular Cenier.
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Table 2, Sequence Variations in the Prometer Region and All Exens in HSD/182 ldentified in Approximately 953 Japanese
Paticats with Hypertension and/or Renal Failure

SNP name Region Amm_o a,md A]-Iclc b Allele 2 Flanking scquence GCI?O-
substitution  freq. freg. typing

-879C>T promoter 0.999 0.06] TCCTCTGACA[C/TICCCACCCTCC
—687C>A promoter 0.999 0.001 CAGGGGTGAG[C/AJGCGCCTTAGG
—596to —595 CGGCAGins promotcr 0,999 0.001 GCAGCGGCAG[CGGCAG]ICGGAGACCGG
-562G>T promoter 0999 0.001 TGGTTCCTCG[G/MTIGGTGTTCCTG
-74C>G promoter 0.999  0.00F ACTCCGCGCC[C/G]CGGCCTAGAA
40C>T exon | LI4F 0,997 0003 CGCCTGGCTG[C/TJTCGTGGCTGC donc
42C>A cxon | L14L 0.9%9  0.00] CCTGGCTGCT[C.’A}GTGGCTGCCC
82C>T exon | L28L 0999  0.001 GCGCTCAGACI[C/TITGCGTCTGGG
221G>A exon | R74H 0.999 0.000 CGCCTGGCGC[G/AJCCCGCAGCGC done
4554G> A exon 2 Ri47H 0,999 0.000 GACATTAGCC[G/AJCGTGCTAGAG done
4582C>T exon 2 T1561 1.000 0.000 AAGGCCCACA[C/TICACCAGCACC failed
4681G>A intron 2 1.000  0.000 GCTGACCTAA[G/AJGCTTCCCTCC
4884Gdci exon3  frameshift 1000 0000 TGACTGTGGG[G]AGCCCAGCGG failed
4910C>G intron 3 0.995 0.005 TGCCCCCCCC[C/CIACTGGAGCAA
4902insC(8-10) intron 3 0998 0.002 GCCCCCCCCC{CJACTGGAGCAA
4964C>G intron 3 0999  (.001 GAGCCCCTTG[C/GICAAAGCTGAG
S5017G>A cxon 4 P227P 0.997 0.003 TGCCATATCC[G/AITGCTTGGGGG
5205G=A intvon 4 0,999  0.001 TATGGGGGCA[G/A]GTCAGGTTTG
5267G>A intron 4 0999 0.001 CAGACCTGGC[G/AJCGGGTTAAAC
5334C>T intron 4 0.999 0.001 GCCACTCCTT[C/T|CCCAGAGTCA
5422C>T cxon 3 Y295Y 1.000  0.000 TGCAGGCCTA[C/TIGGCAAGGACT
5541G=>A cxou 5 R335H 1.000 0.000 GCTCGGCCCC[G/AJCCGCCGCTAT done
5698G=>A exon 5 Q387Q 1.000  0.000 CCCCACCACAIG/AJGACGCAGCCC
5759A>G 3-UTR 1.000 0.000 TCGGTGAGCCIA/GITGTGCACCTA
5784C>T 3-UTR 0,996 0,004 CCAGCCACTG|{C/TIAGCACAGGAG

The A of the ATG of the initiator Met codon is denoted nucleotide +1, as recommended by the Nomenctature Working Group (37). The
nucleotide sequence {GenBank Accession ID: NT_010498) was used as a reference sequence. UTR, untranslated region; freq., fre-
quency. Misscnse mutations were genotyped for gencral population cxeept two mutations of which genotypes were not determined.

exon 2, leading to an anino acid substitution from T to [ at
position 156 (T1561). One patient had a G-to-A substitution at
nucleotide 5541 in exon 5, resufting in an amino acid substi-
tion from R to H at position 335 (R335H). We also found
one patient with a frameshift mutation that resulted from a
guanine deletion at position 4884 in cxon 3 (4884Gdel}.

Results

ldentification of Genetic Variations in HSD17182
in a Japanese Hypertensive Population

We sequenced the promoter and exon regions of HSD/ 782 in
953 hypertensives. As a result. we did not identify the
reported common genctic variations in Caucasians and caus-
ative genetic variations of AME in the ASDIiB2 genc.
instead. we identified five novel missense mutations and one
frameshift mutation in ASD/1B2 (Fig. 1. Table 2). Five
patients had a C-to-T substitution at nucleotide 40 in exon .
which led to an amino acid substitution from L to F at position
14 (L14F). One patient had a G-to-A substitution at nucie-
otide 221 in exon }. resulting in an amino acid substitution
from R to H at position 74 {R74H). Three patients had a G-1o-
A substitution ut nucleotide 4354 in exon 2, leading o an
amino acid subsutution fram R 1o 8 at position 147 (R1471H).
One patient had a C-to-T substitution at nucleotide 4387 in

These missense/frameshift mutations were all found in the
heterozygous form.

We also identified five synonymaous polymorphisms, which
encaded for L14 (42C> A in cxon 1) with a minor allele fre-
quency of 0.001%, L28 (82C=T in exon 1) with a minor
allefe frequency of 0.001%. P227 (3017G> A in exon 4) with
aminor allele freguency of 0.003%, Y2935 (3422C =T in exan
3) with a minor allele frequency of 0.0003% and Q387
{3698G=A in exon 5) with 2 miner alicle frequency of
0.0003%. Fourtcen additional generic variations in the pro-
moter. intronie, and 3'-untransiated regions were also identi-
ficd. All of the genetic variations were rare. with minor allele
frequencics fess thas 0,003 ¢ Table 2).
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Table 3. Clinical Profiles of Twelve Hypertensive Patients with Missense/Frameshift Mutations in H5D7182 Gene

Case
I 2 3 4 5 6 7 8 9 10 11 12
Polymorphism L14F Lt4F L14F Li4F LI4F R74H RI147H RI147H RIi47H TI561 4884Gdel R335H
Age (ycars old) 73 71 64 51 59 70 76 69 85 78 75 67
Sex malc fcmalc malc female male maic  male male male male female fomale
BMI (kg/m?) 21.39 20,45 2020 2409 3030 2792 2403 2242 26.17 21.6% 2997 21.50
Diagnosis EHT,HL,HU, Renal EHT ETH, EHT, EHT, EHT, EHT. EHT, ERT RVHT, EHT,
CRF,NIDDM, HT, HL HL, HL, HU. HU, AF, NIDDM, HL
hypothyreidism HL, obesity obesity OCI OCH. AAA, HL,
CGN CRF obesity obesity
HT duration (ycars) 24 21 24 <l g 15 19 20 21 g 30 4]
HT initial onsct age
(ycars old) 49 50 40 — 30 55 57 49 64 70 45 26
HT family history none nonc  nonc father nonc  father, mother, nonc  nonc  mother none  farther,
brother brother mother,
brother
SBP (mmHg) 138 136 152 140 130 140 134 138 154 134 170 148
DBP (mmHg} 70 80 g8 08 80 86 72 70 84 68 o0 30
Antihyperiensive CCB,ARB CCB, CCB, CCB, CCB, CCB, CCB, CCB, CCB (CCB, CCB, CCB,
drugs ACEl BB, BB, ARB, BB AB ACE], ACEl, ACEl BB
diurctics AB BB AB AB -
Na*" (mEq/l) 141 141 140 142 140 141 141 140 143 143 140 139
K* {mEq/l) 4.4 5.2 4] 42 4.2 3.6 4.2 52 4.5 4.2 4.6 5.0
Cl* (mEg/) 110 109 104 107 102 107 106 108 104 il 104 [03
Creatinine (mg/dl) 2.7 0.8 0.6 0.5 0.5 1.} 1.3 29 P2 0.8 0.6 0.8
Overt proteinuda + + - - + + * - - - - -
PRA (ng/mi/h) 3.8 0.9 6.3 0.1 0.5 29 1.9 nodatla 3.4 13.2 19.8 3.2
PAC (ng/dD) 8.8 85 nodata 27.6 12.4 18.9 43.5 nodata 7.7 14.6 7.0 4.1
FBS (mg/dl) 128 92 105 39 113 105 95 o 95 96 137 101
HbAlc (%) 6.0 5.6 54 52 5.6 6.0 5.1 5.2 3.1 5.0 87 5.7

BMI, body mass index: EHT, csseatial hypertension; HL, hyperlipidemia; HU, hypcruricemia; CRF, chronic renal failure; NIDDM,
non-insulin dependent diabetes melbitus; HT, hypertension; CGN, chronic glomcrulonephritis; OCL, old cercbral infarction; OCH, old
cercbral hemorrhage; AF, atnal fibrillation; AAA, abdominal aortic ancurysma; RVHT. renovascular hypertension; SBP, systolic blood
pressure; DBP, diastolic blood pressure; CCB. calcium chamnel blocker; ARB, angiotension II receptor blocker; ACEL angiotensin con-
verting cnzyme inhibitor; BB, §-adrencrgic blocker; AB, ot-adrenergic blocker; PRA, plasma renin activity; PAC, plasmia aldostcrone
concentration; FBS, lasting blood sugar. Normal valucs in our institute: Na®, 136~146 mEq/l; X', 3.6-4.9 mEq/L; Cl-, 99-109 mEqg/l:
creatinine, 0.6—F.1 mg/dl; PRA. (.2-2.7 ng/ml/h; PAC, 2-13 np/dl.

Characteristics of Patients with Rare Missense/
Frameshift Mutations in the Hypertensive Popu-
lation

The characteristics of the 12 hyperiensive patients who had
missenseftrameshift mutations (L14F, #+-3; R74H. n~1:
RI4TH. n=3: T136) 0 -1 I884CGdel, = 1; R3353H; 0 = 1) are
shown in Table 3. Five patients out of the twelve had renal
impairment including protein urca. Two (cases | and 2} of
five patients with the L14F mutation had chronic renal failere
(CR¥F) and chronic glomerulonepheitis (CGN Y. and onc (case
8) of three patients with the R147H mutation alse had CRF. A
paticnt with 48%4Gdel fease 11) was diagnosed with renovis-

cular hypertension caused by atherosclerosis with type 2 dia-
betes, hyperlipidemia and obesity {bedy mass index [BMI}:
29.97 kg/m™). This patient was 75 years old, female, and had
never smoked or drunk alcohol. This patient had microalbu-
minurea (urinary albumin excretion: 30.8 mg/g creatinine)
without renal dvsfunction (creatinine clearance: 112,53 ml/
min) ar cardiac hypertrophy (left ventricular muss index:
126.4 ¢/m"). The average onset age of hypertension of the 12
paticnts with these missense mutations was 503 years, A
patient with the R335H mutation (case 12} showed hyvperten-
sion at her age of 26. Serum sodium levels of all paticnts were
within normal range, There were no patients with hypokale-
I as seen in AM k.
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Table 4. Basic Characteristics of Subjects in the General
Population

Women Mcen
{(n=1,946) (n=1,709)
Age (years) 633£11.0 663%15.0%

Systolic bioed pressure (mmHg) 128.0+19.7 131.8+£19.4%*
Diastolic blood presswre (mmHg) 76.5x98  79.7+10.7*
Body mass index (kg/m?) 223%3.2 23.3£2.9%
Tosal cholesterol {mg/dl) 215,6230.6* 197.9+30.3
HDL-¢cholesterol (mg/dl) 64.5+15.3% 55.0%14.1

Current seokcers (%) 6.3 30.2°
Current drinkers (%) 29.6 67.27
Present illness (Yo)
Hypertension 38.0 47.3*
Hyperlipidemia 54,41 278
Diabetes mellitus 52 12.8*

Values are expressed as mcan= 8D, Hypertension: systolic blood
pressure =140 mmHg and/or diastolic bloed pressure 290
mmHyg or antihypertensive medication; hyperlipidemia: tetal
cholesterol 2220 my/dl or antihyperlipidemia medication: dia-
betes: fasting plasma glucose 2 126 mg/d] or non-fasting plasma
glucose 2200 mg/dl or HbA ke 26.5% or antidiabetic mcedica-
tion. *p<0.05 beiween women and men by Student r-test.
*p<0.05 between women and men by 27 test, HDL, high-density
iipoprotein.

Characteristics of Individuals with Rare Mis-
sense/Frameshift Mutations in the General Popu-
lation

The characteristics of the 3,655 subjects comprising the Japa-
nese general population group (1,709 men, 1,946 woimen) are
summarized in Table 4. Age, SBP, DBP, BMI, percentage of
current smokers, percentage of current drinkers, and preva-
lence of hypertension and diabetes mellitus were significantly
higher in men than in women. Total cholesterol, high-density
lipoprotein (HDL)-cholesterol, and percentage of hyperlipi-
demia were significantly higher in women than in men. In this
population, 1,480 subjects were diagnosed with hypertension.

We successtully genotyped four genetic variations in the
general population, which had a sample size of 3,655 individ-
uals (2,175 nonnotensives and 1,480 hypertensives), but the
genotyping failed for two of the genctic variations, T1561 and
4884CGdel. In the general population, a misscnse mutation.
R335H. was not present. The remaining three mutations,
L14F, R74H, and R147H. were found in both hypertensive
and normotensive subjects (Table 5). We identified 14 indi-
viduals with the L14F mutation. Six individuals with the
L14F mutation had hypertensien and cight were nermoten-
sive. We identified 20 individuals with the R74H mutation.
Amuong them, cight showed hypertension and 12 were normo-
wensive. Wo adentified 8 individuals with the RI47E mwta-
tion. Among them, three showed hypertension and five were

normuoiensive. There were no statistically significant differ-
ences in any clinical characteristics between the subjeets with
the three missense mutations of 5D/ {82 and the subjcets in
the general population (Table 5).

Comparison of Missense/Frameshift Mutations in
HSD11B2 between Normotensives and Com-
bined Hypertensives

As seen in Table 6, there was no difference in the prevalence
of missense/frameshift mutations of HSD1/B2 between the
combincd subjects with hypertension and the nonmotensives.

Discussion

A missense nuutation, P227L, in ASD!IB2 was previously
identificd in a patient with mild low-renin hypertension (32).
This patieni did not demonstrate the typical features of AME.
The authors supgested that patients with mild low-renin
hypertension may cairy the mutations in the HSD/ 182 genc.
In our study, we did not identify the P227L mutation ia 953
Japanese hypertensives.

Genetic analyses of 50D/ /B2 have been reported in two
Japanese AME probands (74, 18). Ia one family, the proband
had a compound heterozygous mutation with a missense
mutation, R208H, and a deletion of 3 nucleotides in codons
337-338 resulting in a substitution of Arg337 to His and a
deletion of Tyr338 (CGCTAT to CAT: R337H and delta
Y338) (/8). Their family members, a father, mother, and eld-
erly sister, who carried the heterozygous mutation were all
normotensive and normokalemic, and had normal ratios of
urinary {THF plus aTHF)/THE (THF, tetrahydrocortisol;
aTHF, allotetrahydrocortisol; THE, tetrahydrocortisone).
Another-Japanese patient with AME had the homozygous
missense mutation, S180F. The cnzymatic activity of this
mutant was 1.8% compared with the wild-type enzyme when
cortisol was used as the substrate and 5.7% when corticoster-
one was used as the substrate (74). Figure 1 sununarizes the
reported polymorphisms in HSD1182. In our study, nonc of
the three causative genctic defeets was identified, indicating
that those mutations were not accwnulated in the Japanese
population.

We identified five novel missense mutations and one
frameshift mutation in ASDH7B2 (Fig. [, Table 2). As shown
in Fig. 2A. five of the missense mutations ocewrred in resi-
dues that were highly conserved among the three different
specics, indicating that these muwtations may resubt in fune-
tional changes in H8D1 182, However, neither hypertensive
paticnts nor general subjects with these novel missense muta-
tions showed any distingtive clinical characteristies during
their health-check-ups.

We identificd one hypertensive patient baving renal artery
steposis with a frameshift mutation (4883Gde) in #5007 1B2.
I'hix deletion caused the frameshift at 3219 with a premature
stup codon at position 270 (Fig. 2B A recent report indicated
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L14F R74H R147H
Number 14 20 8
Agce (ycars old) 67.7£12.3 64.8%13.3 61.5%12.0
Sex (M/F) 77 o/t 373
Body mass index (kg/m”) 234%4.0 22429 23917
Systolic blood pressure {mmHg) 125.4£23.0 128.7423 .4 124.9%i9.9
Diastolic blood pressure (mmHg) 754%11.0 78.2+100 75.8+12.9
Total cholesterol (mg/dl) 213.9434.0 213.8437.0 199.3+£36.4
HDL-cholesterot (mgidl) 579%12.1 63.1x16.9 52.1+18.5
Tnglyceride (my/dh) 93.8+49.3 120.1+63 .4 140.7£90.1
Creatinine {mg/dl) 0.840.2 0.7+0.2 0.8+£0.2
Over proteinunia (yes/no) 113 0/20 0/8
FBS (my/dl} 100.4£20.9 94.5+10.3 99.6£223
HbAlc (%) 5.7%0.8 5.4£0.7 5.6+0.9
Current smoker (yes/no) 212 4116 177
Current drinker (yes/no) 5/9 9/11 44
Hypertension (ycs/no) 6/8 8/12 35
Hypertipidemia (yes/mo) 10/4 11/9 62
Diabctes mellitus (yes/no) 6/8 2/18 216
Antihypcrtensive frcatment (yes/na) 4/10 2118 2/6

Values were expressed as mean=SD. Hypertension: systolic blood pressurc = 140 mmHg and/or diastolic blood pressure 290 mmHg or
antihypertensive medication; hyperlipidemia: total cholesterol 2220 me/dl or antihyperlipidemia medication; diabetes: fasting plasmia
glucose =126 mg/dl or non-fasting plasma glucose 2200 mg/dl or HbAlc 26.5% or antidiabetic medication. M, malc; F, [cmale; HDL,

high-density lipoprotein; FBS, fasting blood sugar.

Table 6. Number of Subjects with Missense/Frameshift
Mutations in the Hypertensive and the General Populations

General populatioa

Hypertensive ’ -
Mutations population Hypertiensive  Normotensive
(2=953) subjects subjects
(n=1.480) {n=2,175)
Li4F 5 6 8
R74H ] 8 12
Ri147H 3 3 5
T1561 ] n.d. nd.
4884Gdel 1 n.d. nd.
R335H ! 0 0
Total 12 17 25

n.d., not determincd.

that the heterozygous carriers with the defective allele of the
HSD11B2 gene showed cssential hyperiension {(/6). It is evi-
dent that this frameshifi mutation results in the dysfuncrion of
HSD1iB2. The allele frequency of this mutation was very
low (0.032%, 1 allele/ 1,906 altcles) in the Japanese hyperten-
sive population. However, 1t is worth noting that this defee-
tive allele might be prevalent in other cthnic populations.
because the frequency of some genetic mulations varies with
cthiicity, Recently. rare genctic mutatons cotlectively con-
tributing to a quantitative trait variation. such as plasina levels

of HDL-cholesterol, have been reported (33). We have per-
formed large-scale sequence analyses of five hyperteasion
candidate genes, WNK4, SCNN!B, SCNNIG, NR3CZ and
RGS2, to evaluate this hypothesis and found that a low but
significant percentage of the hypertensive subjects had mis-
sense/frameshift mutations (24-26, 34). Collectively, these
rare mutations may make an at least partial contribution to
hypertension.

The deduced NAD-binding sites reside in the conserved
region from T82 to ALl (), and the deduced cataiytic site
resides in the conserved region from Y232 to K236 {35). So
far, more than ten genetic defects in patients with AME, most
of whom had a severe deficiency of enzymatic activity con-
firmed by the expression analysis, have been reported and
none of them overlap with the five missense mutations identi-
fied in the present study. Therefore. the effects on the
HSDI1B2 enzymatic activity of the mutations arc not clear.
In the futre, an in vitro expression smdy should be per-
formed to evaloate the activity of mutants and the ratios of
urinary curtisof to corisone metaboiites in cueriers of the
mutations,

In the Caucasian popuiation. a mutation at Ei 78 that is svn-
onymous with 333G A which can be distinguished by Afir 1
resteiction enzyme digestion, has been idemified with a prev-
alence of 8.6% o the control subjects (21, 23). This polymos-
phism was assoctated with end-stage renal disease but not
with cssential hypertension. We did not identity this polymor-
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s
*
h-HSD 1 MERWPWPSGGAWLLVAARALLQLLRSDLRLGRPLLAALALLAALD 45
m-HSD 1 MERWPWPSGGAWLLVAARALLOLLRSDLRLGRPLLAALALLAALD 45
r-HSD 1 MERWPHPSGGAWLLVAARALIQLLRADLRLGRPLLAALALLAALD 45
*
h-HSD 46 WLCORLLPPPAALAVLAAAGWIALSRLARPORLPVATRAVLITGC 990
m-HSD 46 WLCLRLMPPPAALVVLAGAGWIALSRLARPPRLPVATRAVLITGC 90
r-HSD 46 WLCQSLLPPSAALAVLAAAGWIALSRLARPQRLPVATRAVLITGC 90
* *
h~HSD 136 OMDLTKPGDISRVLEFTKARTTSTGLWGLVNNAGHNEVVADAELS 180
m—HSD 136 OMDLTKAEDISRVLEITKAHTASTGLWGLVNNAGLNIVVADVGLS 180
r-HSD 136 OMDLTKPADISRALEFTKAHTTSTGLWGLVNNAGENDVVADVELS 180
*
h-HSD 316 SDLTPVVDAITDALLAARPRRRYYPGOGLGLMYFIHYYLPEGLRR 360
m-HSD 316 PDLSPVVDAIIDALLAAQPRSRYYPGRGLGLMYFIHHYLPEGLRR 360
r—HSD 316 PDLSPVVDAITDALLAARPRPRYYPGRGLGLMYFIHYYLPEGLRR 360
F3
B ACTGTGGGGAGCCCAGCGGGGGACATGCCA
216 T V G S P A G D M P 225
Wild type TTCAAGACAGAGTCAGTGAGAAACGTGGGT
265 F K T E 8§ V R N V G 274
ACTGTGGOAGCCCAGCGEGEEACATGCCAT
216 T V G A Q R G T C H 225
4884Gdel allele
TCAAGACAGAGTCAGTGAGAAACGTGGGTC
265 S R Q 5 Q * ok

Fig. 2. Partial amino acid sequence surrounding the mutations in WSD11B2. A: Alignment of partial amina acid sequences of
HSD1IB2 from two species und human HSD11B2. HSDI1B2 seguences are from Homo sapiens (i), Mus musculus (), and
rahbit (r). Numbers indicate the position of amino acid sequence. The asterisks indicate the positions af which missense muta-
tions occur (LI14F, R74H, RI47H, T1561, R335H) B: Nucleotide and amino acid sequences of wild-type allele and 4884Gde!
allele. Numbers indicate the ainine acid residues. An asterisk indicates the base deleted in the 4884Gdel allele, which causes a
frameshift mutation from S218. This results in a 5 1-amino-acid extension that is is terminated by a stop codon (indivated by

three asterisks).

phisin in our Japanese population.

In the Caucasian population, an intensive genetic study on
the HSD 1182 gene using 587 subjects. including 260 patients
with end-stage renal disease, has been conducted, in which
one missense mutation, L148V, and three synonymous muta-
tions, T136. E178, and D388, were identificd by the combina-
tion of single strand conformational polymorphism analysis
and DNA sequencing (363, The resubis showed that allele fre-
guencies did not differ significantly between control subjects
and end-stage renal discase patients or between paticnts with
hypertension and patients with end-stage renal discase. We
did not identify these mutations in our Japanese population,
Our results support their findings that the mutations in the
HSITE2 gene do not allect hypertension.

In summary. we suggest that rare mutations in MSDI /B2,

L14F, R74H, R147H, T1561. R335H, and 4884Gdel may not
collectively contribute to the pathogenesis of hypertension,
although it was not clear whether abnormalities of electro-
bytes, renin aetivity, or aklosterone concentration were
present. since our hypertensive patients with these missense/
frameshift mutations were taking antihypertensive drugs.
Further functional analyses of HSNJ11B2 mutarts are neces-
sary Lo clarify the Functional defeets caused by these genetic
vurialions in Japanese.
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Deep vein thrombuosis; introduction: Thrombomadulin (TM) is an essential cofactor in protein C activation
Gene mutations; by thrombin. Here, we evaluated the contribution of genetic variations in the T™M
Solubte gene to sotuble TM (sTM) level and deep vein thrombosis (DVT) in Japanese.
thrombomodutin; Patients and methods: We sequenced the TM putative promoter, exon, and 3'-
Japanese; untranslated region in DVT patients (n=118). Among 17 genetic variations we
Case-control study identified, two missense mutations (R3B5K, D468Y) and three common single

nucleotide polymorphisms (—202G>A, 2487A>T, 2729A>C) were genotyped in a
general population of 2247 subjects (1032 men and 1215 women) whose sTM levels
were measured. We then compared the frequency of these mutations in DVT patients
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with that in the age, body mass index-adjusted population-based controls.

Results: We identified one neutral mutation {H381) and three missense mutations
(R385¥K; n=2, A455V; n =53 heterozygous, =14 homozygous, D468Y; n=2) of TMin the
DVT patients. Age-adjusted mean values of sTM were lower in C-allele carriers of
2729A>C than in noncarriers in the Japanese general population {(women: 16.7+0.3
U/ml vs. 17.94+0.2 U/ml, p<0.01, men: 19.4+0.3 U/ml vs. 20.4+0.3 U/ml,
p=0.03). Additionally, the CC genotype of this mutation was more common in the
male DVT patients than in the male individuals of the general population (odds
ratio=2.76, 95% confidence interval=1.14-6.67; p=0.02). This mutation was in
linkage disequilibrium (r-square >0.9) with A455V mutation.

Conclusions: TM mutations, especially those with a haplotype consisting of 2729A>C
and A455Y missense mutation, affect sTM levels, and may be associated with DVT in

Japanese.

© 2006 Elsevier Ltd. All rights reserved.

Introduction

Family-based studies have established that venous
thromboembolism is, at least in part, an inherited
disease with estimated heritabilities of approxi-
mately 60% [1,2]. The mode of inheritance of
venous thromboembolism is probably complex [2].
Moreover, family-based and twin studies have
established that over 25 plasma hemostasis-relat-
ed analytes {traits) both correlate with thrombaosis
and are heritable [3-5]. In Caucasians, the factor
V-Leiden mutation and prothrombin G20210A mu-
tation are widely recognized as genetic risk
factors for deep vein thrombosis (DVT) [6].
However these mutations are not present in the
Japanese [7,8]. Recently, we and others found
that the protein S (PS) K196E mutation, known as
the PS Tokushima mutation, s a genetic risk for
DVT in the Japanese population, indicating large
differences in the genetics of DVT among ethnic-
ities [9,10].

Thrombomodulin (TM) is a transmembrane pro-
tein that is constitutively expressed on the luminal
surface of vascular endothelial cells [11]. The
anticoagulant function of TM is mediated by
interaction with thrombin and protein C (PC).
Endothelial membrane-bound TM forms a high-
affinity complex with thrombin via thrombin exo-
site 1, and inhibits thrombin interaction with
fibrinogen and protease-activated receptor-1. In
contrast, the thrombin—TM complex is a potent
activator of PC, and TM enhances thrombin-depen-
dent PC activation by more than two orders of
magnitude. Due to the abundance of TM in the
microvasculature, the vast majority of thrombin
generated under ambient conditions is sequestered
by TM. Constitutive inhibition of the procoagutant
function of thrombin and tonic formation of
activated PC (APC) comprise an essential anticoag-
ulant mechanism that prevents the amplification of

thrombin generation, via proteolysis of activated
coagulation facters Va and Villa by APC.

TM encoded by an intron-less gene consists of a
large N-terminal extracellular region, a single
transmembrane segment, and a short cytoplasmic
tail [12]. The extracellular region is comprised of
an N-terminal lectin-like domain followed by six
tandem repeats of epidermal growth factor (EGF)-
tike domains, and a glycosylated (chondreitin
sutfate) serine/threonine-rich domain. The throm-
bin-binding region has been localized to the fifth
and sixth EGF-like domains, while the fourth EGF-
like domain is required for PC binding to the
thrombin—TM complex. The serine/threonine-rich
spacer region is required for both thrembin binding
and TM cofactor activity for membrane-associated
TM. The chondroitin sulfate domain may stabilize
thrombin binding to TM, possibly by interacting
with the thrombin apolar region [13,14].

Animal model data suggest that T™M dysfunction
or deficiency is associated with a prothrombetic
disorder. Knock-in mice with a TM mutant that has a
mutation corresponding to human E387P exhibit a
prothrombotic disorder [15]. This amino acid
change is located between the interdomain loop
of the fourth and fifth EGF-like domains and
abolishes the ability of solubte TM (sTM) to catalyze
in vitro thrombin activation of PC to APC. Mice with
TM deficiency limited to the vascular endothelium
die shortly after birth as a result of a consumptive
coagulopathy that can be prevented by warfarin
anticoagulation [16].

Based on the important antithrombotic role of
TM, we hypothesized that genetic variations within
the TM gene that alter TM expression and/or impair
anticoagutant function could predispose to venous
thromboembeolism. To test this hypothesis, we
screened the prometer, exon, and 3'-untranslated
regions (3'-UTR} of the TM gene in unrelated
patients with idiopathic, objectively confirmed
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DVT for genetic variation. By genotyping three
polymorphisms (—202G>A, 2487A>T, 2729A>G) and
two missense mutations (R385K, D468Y) in a
Japanese general population, we assessed the
prevalence of these genetic variations. We then
evaluated the association of sTM levels with
genetic variations. We finally compared the geno-
type prevalence of these genetic variations in DVT
patients with those in population-based controls to
test whether these mutations are associated with
DVT in the Japanese.

Patients and methods

DVT patients

A total of 118 Japanese DVT patients (59 men and
59 women, mean age: 52.3 +16.1 years old) were
recruited from Osaka University Hospital from 2000
to 2004 and the National Cardiovascular Center
from 2002 to 2004. All patients examined in this
study were unselected patients diagnosed with
DVT. Clinical diagnosis of DVT was confirmed by
imaging analysis including computerized tomogra-
phy and ultrasonography.

Screening of genetic variations in TM gene

Blood samples were obtained from DVT patients
and genomic DNA was isolated from peripheral
blood teukoacytes [17]. All the putative promoter,
exon, and 3-UTR regions in 118 Japanese DVT

patients were directly sequenced with an AB] -

PRISM3700DNA analyzer {Applied Biosystems, Fos-
ter City, CA) using seven sets of primers. Primer
sequences are available upon request. The
obtained sequences were examined for the pres-
ence of variations using Sequencher software (Gene
Codes Corporation, Ann Arbor, Ml), followed by
visual inspection [18]. The A of ATG of the initiator
Met codon is denoted nucleotide +1, and the initial
Met residue is denoted amino acid +1 {19]. The
nucleotide sequence (GenBank Accession ID: AF-
495471} was used as a reference sequence.

General population (Suita Study)

The sample selection and study design of the Suita
Study have been described previously [20--22].
Briefly, the subjects visited the National Cardio-
vascular Center every 2 years for general health
checkups, underwent a routine blood examination
that included lipid profiles and glucose levels, and
underwent blood pressure measurements. The
basic characteristics of the individuals have been
reported previously [23,24]. sTM levels of 2247
population-based samples were measured by an
enzyme-linked immuncsorbent assay (Mitsubishi
Gas Chemical Co., Inc., Tokyo, Japan).

Genotyping of mutations and single
nucleotide polymorphisms {SNPs) in
the general population

Two commen SNPs with a minor allele frequency of
greater than 5% and all of the missense mutations
we detected were tried for genotyping by the

Clinical profiles

Table 1 Clinical profiles of 118 DVT patients
Clinical profiles

Age, years +5.D, 52.3% 164
Women, n (%) 59 (50.0)
BMI, ke/m?, mean +5.D. 23.7+£3.2
DVT family history, n (%) 8 {6.8)
Previous DVT, n (%) 12 (10.2)
Pregnancy, n (%} 5 (4.2)
Stroke, n (%) 1(1.5)
Prolonged immobility, n (%) 14 (11.9)
Matignancy, n (%) 16 (13.6)
Major surgery (abd, hip, leg), n (%} 21 (17.8)
Trauma (pelvis, hip, leg}, n (%) 3 (2.9}
Stasis due to compression, n (%) 6 (5.1)
Central venous catheter, n (%) 0 0.0y

Nephrotic syndrome, n (%} 0 (0.0
Chroenic heart failure, n (%) 17 {14.4)
Diabetes Mellitus, n (%) 47 {39.8)
Hyperlipidemia, n (%) 48 (40.7)
Autoimmue disease, n (%) 11 (9.3)
inflammatory bowel disease, n (%) 2 (1.7
Estrogen use, nt (%) 3{2.5)
Steroid use, n (%) 9 {7.6)
Paralysis, n (%) 5 (4.2)
Myeloproliferative disease, n (%) 1 {0.8)
Reduced plasminogen activity, n (%) 7 (5.9}
Reduced antithrombin activity, n (%) 7 (5.9}
Reduced protein C activity, n (%) 8 (6.8)
Reduced protein S antigen, n (%) 10 (8.5)
Lupus anticoagulant {cardiolipin,ACLb2}, n (%} 3(11.0)

BMI, body mass index; DVT, deep vein thrombosis; Diabetes mellitus indicates fasting plasma glucose 2 126 mg/dl or non-fasting
plasma glucose Z 200 mg/dl or HbAtTc £ 6.5% or use of antidiabetic medication; Hypertension, systolic blood pressure = 140 mm Hg
and/or diastolic blood pressure 290 mm Hg or use of antihypertensive medication; Hyperlipidemia, total cholesteral =220 mg/dl
ar use of antihyperlipidemia medication; Myeloproliferative disease, Plt. »5x 10% and Ht. >55%; Reduced plasminogen activity,
plasminogen activity <70%; Reduced antithrombin activity, antithrombin activity <80%; Reduced protein € activity, protein C
activity <70%; Reduced protein S antigen, protein S antigen <60%.
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